Amendment filed on February 23, 2001. Applicants have filed concurrently herewith, 
under a separate cover, a substitute specification. Favorable consideration is requested. 

The Rejection Under 35 U.S.C §112 

Claims 1-7 and 9/1 were rejected under 35 U.S.C. §112, second paragraph, 
as allegedly being indefinite. In particular, the Office Action characterized the phrase 
"processing liquid" as one not having a well-defined meaning in the art and that, as used, 
only includes achromatic processing Uquids. Applicants respectfully disagree and submit 
that the phrase "processing liquid" has a definite meaning in the art that encompasses both 
achromatic and chromatic liquids. Applicants respectfully direct the Examiner's attention 
to, for example, U.S. Patent No. 6,062,674 to Inui. et al. , which discloses chromatic 
processing liquids and to U.S. Patent No. 5,959,641 to Yokoi, which discloses the use of a 
"colorless or light-color processing Uquid." Column 7, lines 38-40. Both of the aforesaid 
references were cited in the Office Action dated April 10, 2001. Thus, in Ught of the 
specification and the state of the art, as represented by the aforesaid patents. Applicants 
respectfully submit that the present application reasonably apprises those of ordinary skill 
in the art of the claimed invention. 

The reasonable apprisal of those of ordinary skill in the art as to the meaning 

of the phrase "processing liquid" proves fatal to a rejection under 35 U.S.C. §112, second 

paragraph, since MPEP §2106, instructs that: 

Applicant's claims, interpreted in light of the disclosure, must 
reasonably apprise a person or ordinary skill in the art of the 
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invention. However, an Applicant need not explicitly recite 
in the claims every feature of the invention. For example, if 
an applicant indicates that the invention is a particular 
computer, the claims do not have to recite every element or 
feature of the computer. In fact, it is preferable for claims 
to be drafted in a form that emphasizes what the 
applicant has invented. 

(emphasis added). For all of these reasons, Applicants request that the rejection under 35 

U.S.C. §112, second paragraph, be withdrawn. 

The Rejections Under 35 U.S.C, §103 

Claim 1 was rejected under 35 U.S.C. § 103(a) as allegedly obvious over 
either U.S. Patent No. 5,864,350 (Shiova, et al.) or Yokoi . Claims 1-7 and 9/1 were 
rejected under 35 U.S.C. § 103(a) as allegedly obvious over Shiova, et al. or Yokoi , in 
further view of U.S. Patent No. 6,062,674 (Inui, et al.) . These rejections are respectfully 
traversed for the reasons discussed below. 

A. Claim 1 

The rejection of Claim 1 under 35 U.S.C. §103 should be withdrawn 
because the feature of delaying the application of the processng liquid a predetermined 
period (ts) after the ink has penetrated the fibers of the recording material and has caused 
the fibers to swell is neither disclosed nor suggested in the cited art. In particular. Claim 1 
recites, inter alia, that the processing liquid is applied to the ink after the ink is deposited 
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on the recording material and after a rapid swell start point ts passes after penetration of the 
ink into the medium. 

In accordance with the present invention as claimed in Claim 1, the 
processing liquid catches up with the ink penetrating the recording medium to insolubilize 
the ink, thereby suppressing further penetration of the ink into the recording medium, thus 
producing a high-density image. Moreover, because the ink has already penetrated the 
surface of the recording medium and the medium's fibers begun to swell, it is more difficult 
to rub off of the recording medium, thereby producing a smear-resistant, high density 
image. 

Applicants respectfully submit that the cited art fails to disclose at least the 
aforesaid feature of the present invention. As a result, the cited art fails to achieve the 
enhanced durability provided by the present invention recited in Claim 1 . 

In contrast to Applicants' claimed invention, conventional techniques that 
employ an ink and an insolubilizing processing liquid, merely apply the processing liquid 
after the appUcation of the ink onto the recording medium. Thus, a large amount of the ink 
is insolubilized while still on the surface of the recording medium and the resulting image 
is susceptible to being rubbed off. 

Applicants submit that the cited art discloses no more than this. 

Shiova, et al. is understood to disclose an ink-jet printing apparatus and 
method that ejects an ink and a Uquid which insolubilizes a dye in the ink. Applicants 
understand Yokoi to relate to ink-jet recording using a processing liquid ejected after the 
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ink to mix with the ink on the recording medium. However, in contrast to the present 
invention as recited in Claim 1, neither Shiova, et al. nor Yokoi is understood to disclose or 
suggest waiting a time ts, a period of time after the ink has penetrated the fibers of the print 
medium and the fibers have begun to swell, before applying the processing liquid to the 
recording material ink. Accordingly, Applicants submit that Shiova, et al. and Yokoi do 
not render obvious the invention recited in Claim 1. 

Applicants further submit that Inui, et al cited merely for its teaching of 
heating ink to accelerate drying and prevent bleeding of dense black images, adds nothing 
to the teachings of Shiova, et al. or Yokoi that would remedy the above-noted deficiencies. 

Applicants also note that MPEP §2143 places the burden on the Examiner to 

establish a prima facie case of obviousness by a preponderance of the evidence. 

With regard to rejections under 35 U.S.C. § 103, the 
examiner must provide evidence which as a whole shows that 
the legal determination sought to be proved (i.e., the 
reference teachings establish a prima facie case of 
obviousness) is more probable than not. 

(MPEP, Original Eighth Edition, August 2001, page 2100-122.) 
B. Claim 2 

The rejection of Claim 2 under 35 U.S.C. §103 should be withdrawn 
because the feature of heating an ink after it is applied to a recording material is not present 
in the cited art. In particular. Claim 2 recites, inter alia, : 
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ejecting onto a recording material ink having a Ka value not 
less than 1 (ml.m-^.msec-*/^). t^g^ 

applying heat to the ink; and 

applying to the ink a processing liquid having a Ka value not 
less than 1 (ml.m-^.msec-^/^ ) 

In accordance with the present invention as recited in Claim 2, the applied 
ink is heated before the processing liquid is applied. Thus, the ink can be made dissolvable 
both on the surface of the recording material and adjacent to the surface. 

Applicants respectfully submit that none of the cited art expressly or 
impliedly recognize that the image formed on a recording medium can be made more 
durable by heating the ink before the processing liquid is applied to the recording material. 
Thus, it is not surprising that none of the these patents expressly or impliedly suggests the 
claimed feature of heating the ink after it is applied to the recording material but before the 
processing liquid is applied. Indeed, Inui, et al. does not even teach a technique employing 
a processing liquid. Moreover, even assuming arguendo that Inui, et al. could be properly 
combined with Shiova, et al. or Yokoi, there is no suggestion to heat the ink before the 
processing liquid is applied to the recording material. 

The failure of the cited references to expressly or impliedly suggest the 

aforesaid claim feature necessitates the Examiner to: 

present a convincing line of reasoning as to why the artisan 
would have found the claimed invention to have been 
obvious in light of the teachings of the references. 
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(MPEP Original Eighth Edition, Revision 1, August 2000, page 2100-122, left column, 
lines 4-16.) Therefore, to establish a prima facie case of obviousness, the Examiner must 
present a convincing line of reasoning as to why the ink heating of the Inui. et aL patent 
should be added to the techniques of Shiova, et aL and Yokoi. The Office Action, 
Applicants respectfully submit, has presented no evidence that, at the time the present 
application was filed, the ink heating disclosed in Inui, et al. , - accelerating the drying of 
ink to prevent bleeding of a very dense black image-would be desirable or effective in the 
techniques taught by Shiova and Yokoi . Thus, Applicants submit that the rejection is based 
on impermissible hindsight and no prima facie case of obviousness exists. 

C Claim 3 

The rejection of Claim 3 under 35 U.S.C. §103 should be withdrawn 

because the feature of heating, after it is applied to a recording material, an ink having a 

penetration property that increases with heat is not present in the cited art. In particular, 

Claim 3 recites, inter alia, : 

ejecting to a recording material ink having a Ka value not 
more than 1 (ml.m-^.msec-^/^ ) ^nd having a penetration 
property that increases with heat; then 

applying heat to the ink; and 

applying to the ink a processing liquid having a Ka value not 
less than 1 (ml.m-^.msec-^-^^ ) 
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In accordance with the present invention as recited in Claim 3, the applied 
ink is heated before the processing liquid is applied. As a result, because the penetration 
property of the ink increases with heat, the ink more readily penetrates the recording 
material. Thereafter, the processing liquid is applied to the recording material. Thus, the 
ink is insolubilized deeper into the recording medium. 

In contrast, neither Shiova nor Yokoi disclose or suggest at least the 
aforesaid features, even with the improper addition of Inui, et al. Therefore, MPEP §2142 
mandates allowance of this claim. 

For the foregoing reasons, Applicant submits that independent Claims 1-3 
are in condition for allowance. Further, Claims 4-7 and 9/1 being dependent claims of 
allowable base claims are also in condition for allowance for the same reasons as the base 
claims and further due to the additional features that they recite. Applicant respectfully 
submits that those claims are also allowable over the cited art. 

Applicants believe that the present Amendment is responsive to each of the 
points raised by the Examiner in the Official Action, and submits that the application is in 
allowable form. Favorable consideration of the claims and passage to issue of the present 
appHcation at the Examiner's earliest convenience earnestly are solicited. 
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Applicants' undersigned attorney may be reached in our Washington, D.C. 
office by telephone at (202) 530-1010. All correspondence should be directed to our 
address listed below. 

Respectfully submitted, 



Attorney for Applicants 
Registration No. 42,758 



FTTZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212)218-2200 

MEK/me 



9 



Application No. 09/131,744 
Attorney Dkt. No.: 684.2742 

MARKED-UP VERSION OF SUBSTITUTE SPECIFTrATTON 
A RECORDING METHOD 
FIELD OF THE INVENTION AND RELATED ART 

[0001] The present invention relates to a recording method and a recording device, more 

particularly to a recording method and a recording device wherein recording is effected by 
ejecting ink for image recording and processing liquid. 

[0002] In the ink jet recording field, it is generally preferable that ink is quickly fixed on 

a recording material. Here, this fixing is not the fixing by penetration of the liquid. 

[0003] Japanese Laid-open Patent Application No. SHO- 58-128862 discloses that oily 

processing liquid is applied to [the] an image region formed by the dye ink before or after the ink 

application, by which the coloring material is fixed on the recording material to improve the 

water-resistance. 

[0004] Japanese Patent Application No. HEI- 8-204618 and Japanese Laid-open Patent 

Application No. HEI- 10-44394 assigned to the assignee of this application disclose that cationic 
processing liquid is applied on [the] a [topping type] topping-tvpe or non-penetrative type ink 
(the ink having less penetration property) deposited on the surface of the recording material to 
cause an instantaneous reaction to produce [a] reaction products thereof on the surface of the ink. 
[0005] When the ink is ejected following the processing liquid, the water-resistance and 

the bleeding prevention between different colors can be improved, but since the coloring material 
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in the ink is insolubilized on the surface of the recording paper, a blocking layer is formed on the 
surface of the recording paper by the insolubilized coloring material and therefore, the 
penetration of the ink into the recording paper is suppressed. 

[0006] As a result, the insolubilized coloring material tends to remain on the surface of 

the recording paper, and therefore, the wear resistance, arid the resistance against the overwriting 
when a line marker or a writing device is used to write on the recorded image(overwriting 
resistance) are not good. In other words, when the recording paper having the recorded image is 
rubbed, the coloring material on the surface is removed resulting in the deterioration of the image 
quality, or spread occurs upon overwriting. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is a principal object of the present invention to provide a recording 

method and apparatus wherein the water-resistance of Bk ink is improved, the spread between 
the Bk ink and the color ink is reduced, and the image quality of the Bk ink is improved; and in 
addition, the water-resistance, the wear resistance^ and the overwriting resistance immediately 
after the printing, are improved. 

[0008] In the present invention, [the] a processing liquid capable of reacting with and 

fixing a coloring material of ink is supplied to the ink^ which has [been] penetrated [to] the fibers 
of the recording material and which has started to swell ("swelled ink" which is the ink after the 
swell start time Ts has elapsed or the ink changed by a heater or the like). The property of the 
processing liquid or the heating after the processing liquid application or the like, is usable. 
[0009] As the first step: 



(1) it is preferable to apply an ultra-penetrative(Ka^5) processing liquid to an ink 
having Ka^3 m m"^.msec'*'^[.]; 

(2) it is preferable that when ink has Ka< 1 and has a penetration property [which] 
that exhibits temperature dependence, heat is applied by a heater after ink application to the 
recording material, and then a penetrative processing liquid^ which is semi -penetrative or more 
penetrative^ is appliedF.I ; and 

(3) it is preferable that when the ink is semi-penetrative or more penetrative 
(Ka>l), [the] heat is applied by a heater after ink application to the recording material, and 
thereafter, semi-penetrative or more penetrative processing liquid is applied. Further preferably, 
as a second step, heat is applied by a heater after the first step. The processing liquid in this case 
may by a semi-penetration property. 

[0010] This is effective to promote the penetration of the processing liquid by the heater 

and to improve the fixing property by [the] evaporation promotion. 

[0011] [It may be an] An ultra-penetrative processing liquid may be used , and in such a 

case, the fixing property is further improved by [the] evaporation promotion, and [the] coating 
reinforcement is accomplished. By the second step, further advantages are provided. 
[0012] According to an aspect of the present invention, there is provided a recording 

method comprising: 

a step of ejecting onto a recording material ink having a Ka value of not more than 
3 (ml.m'^.msec '^); and 



a step of applying to the ink deposited on the recording material^ processing 
liquid having a Ka value of not less than 5 (ml.m'-.msec"^^) to [insolubilized] insolubilize a 
coloring material in the ink inside the recording material; 

wherein the processing liquid is applied to the ink after the rapid swell start point 
ts after penetration of the ink into the medium passes after the ink is deposited on the recording 
material. 

[0013] According to another aspect of the present invention, there is provided a recording 

method comprising the steps of : 

applying heat to the ink; and applying to the ink^ processing liquid having a Ka 
value not less than 1 (ml.m "^msec"^^). 

[0014] According to a further aspect of the present invention, there is provided a 

recording method comprising the steps of : 

ejecting to a recording material^ ink having a Ka value not more than 1 
(ml.m lmseC^^) and having a penetration property which increases with heat; then 

applying heat to the ink; and applying to the ink^ processing liquid having a Ka 
value not less than 1 (ml.m'^.msec'*'^). 

[0015] According to a further aspect of the present invention, there is provided a 

recording method comprising the steps of : 

depositing ink containing a coloring material having a polarity onto a recording 
material; and then 

applying to the ink^ processing liquid having a polarity opposite from that of 
[said] the coloring material after the rapid swell start point ts after penetration of the ink into the 
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recording material, so that the coloring material in the ink is insolubilized by the processing 
liquid at least inside the recording material. 

[0016] These and other objects, features and advantages of the present invention will 

become more apparent upon a consideration of the following description of the preferred 
embodiments of the present invention taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Figure 1 is a side view of a full-line type recording device according to a first 

embodiment of the present invention. 

[0018] Figure 2 is a block diagram of a control circuit for the full-line type recording 

device of the first embodiment. 

[0019] Figure 3 is an illustration of a recording process, and an ink and dot on and in the 

recording sheet in the first embodiment. 

[0020] Figure 4 is an illustration of a recording process, and an ink and dot on and in the 

recording sheet in the first embodiment. 

[0021] Figure 5 is a schematic perspective view of a serial type recording device 

according to a second embodiment of the present invention. 

[0022] Figure 6 is a block diagram of a control circuit of a [serial type] serial-type 

recording device according to the second embodiment. 

[0023] Figure 7 is a schematic top plan view of a major part of an apparatus to illustrate a 

recording process in the recording device of a serial type according to second embodiment. 
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[0024] Figure 8 is a side view of a full-line type recording device according to a third 

embodiment of the present invention. 

[0025] Figure 9 is an illustration of a process in a recording device of full-line type 

according to the third embodiment. 

[0026] Figure 10 is a side viev^ of a recording device of a full-line type according to a 

modification of the third embodiment. 

[0027] Figure 1 1 is an illustration of a recording process in a recording device of a 

full-line type according to a modification of the third embodiment. 

[0028] Figure 12 is a schematic top plan view of a major part of a recording device of a 

serial type according to a fourth embodiment. 

[0029] Figure 13 is a schematic top plan view of a major part of a recording device of a 

serial type according to a modification of the fourth embodiment. 

[0030] Figure 14 is a schematic top plan view of a major part of a recording device of a 

serial type according to a fourth embodiment. 

[0031] Figure 15 is an illustration of [a] the difference in the penetration state of the ink 

into the recording paper, depending on the use or non-use of [the] a heater. 
[0032] Figure 16 shows a proportional coefficient Ka relative to the content of acetylenol 

in ink, empirically obtained. 

[0033] Figure 17 is a characteristic graph showing [a] the relation between the elapsed 

time and the penetration amount of the ink. 

[0034] Figure 18 shows image states of prints illustrating the difference depending on the 

difference in the acetylenol content when pigment ink is used. 
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[0035] Figure 19 is a characteristic graph showing a relation with the surface tension 

when content of the acetylenol in water is adjusted. 

[0036] Figure 20 illustrates a mechanism wherein processing liquid is ejected to a 

deposited ink with the state wherein the ink is penetrated in the direction of the depth (thickness) 
to within a predetermined range in the recording material, so that coloring material of the ink 
reacts in the paper to [insolubilized] insolubilize the ink. 
[0037] Figure 21 illustrates [a] the penetration speed of ink. 

[0038] Figure 22 shows [a] the relation between acetylenol content in ink and tw, ts. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0039] First, the present invention will be summarized. 

[0040] In the present invention, [the] a processing liquid capable of reacting with and 

fixing a coloring material of ink is supplied to the ink [which] that has [been] penetrated [to] the 
fibers of the recording material and [which] that has started to swell ("swelled ink" which is the 
ink after the swell start time Ts has elapsed or the ink changed by a heater or the like). The 
property of the processing liquid or the heating after the processing liquid application or the like, 
is usable. 

[0041] As the first step: 

(1) it is preferable to apply an ultra- penetrative(Ka>5) processing liquid to an 
ink having Ka<3 m m'^.msec'^[.]i 

(2) it is preferable that when ink has Ka< 1 and has a penetration property 
[which] that exhibits temperature dependence, heat is applied by a heater after ink application to 
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the recording material, and then penetrative processing liquid^ which is semi -penetrative or more 
penetrative^ is appliedr.1 : and 

(3) it is preferable that when the ink is semi -penetrative or more penetrative 
(Ka>l), [the] heat is applied by a heater after ink application to the recording material, and 
thereafter, semi -penetrative or more penetrative processing liquid is applied. Further preferably, 
as a second step, heat is applied by a heater after the first step. The processing liquid in this case 
may by a semi-penetration property. 

[0042] This is effective to promote the penetration of the processing liquid by the heater 

and to improve the fixing property by [the] evaporation promotion. 

[0043] It may be an ultra-penetrative processing liquid, and in such a case, the fixing 

property is further improved by [the] evaporation promotion, and [the] coating reinforcement is 
accomplished. By the second step, further advantages are provided. 
[0044] The ink deposited on the recording material penetrates in the direction of the 

depth. When the penetration is within a predetermined range, the processing liquid is ejected to 
the ink to react with and [insolubilized] insolubilize the ink, thus providing an image having a 
high wearing property and a high image quality. This will be described in conjunction with 
Figure 20. 

[0045] In Figure 20, (a), the ink droplet is travailing toward the paper. In Figure 20, (b), 

the ink droplet reaches the paper. At this time, the ink collapses into a column having a diameter 
which is [approx. 2times of] approximatelv two times the ink droplet diameter. Figure 20, (c) 
shows a state in which the ink is attracted in the fibers at the surface portion of the paper, and it 
swells. In Figure 20, (d), the ink penetrates into the paper, and the processing liquid S is 
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[travailing] traveling toward the deposited ink. In Figure 20, (e), the processing liquid is 
deposited on the ink and on the surface of the paper at the portion where the ink has been 
penetrated, and the processing liquid reacts with the ink. Figure 20, (f) shows a state wherein the 
processing liquid catches up with the penetrated ink. As a result, the coloring material in the ink 
is insolubilized by the processing liquid inside the paper, so that ink now not easily penetrates in 
the direction of the depth of the paper. In Figure 20, (g), the coloring material in the ink is 
insolubilized by the processing liquid, and the penetration stops. In this manner, not so much ink 
remains on the surface of the paper, but a large amount of the coloring material in the ink is 
insolubilized and trapped within 20/im adjacent the surface of the paper. 

[0046] On the other hand, when the processing liquid is not ejected, as shown in (e' ) (f ' ) 

(g'), the coloring material is not trapped adjacent the surface of the paper, the OD value is not so 
high. On the other hand, if the processing liquid is ejected when the ink penetration is quite 
completed, the OD value is not so high as shown In (e'), (f (gO> since not so much coloring 
material remains on the surface. 

[0047] The composition of the ink, the penetration property and the penetration speed 

will be described. The following is an example of the ink used in this embodiment: 

(yellow (Y) ink) 

C. I. Direct yellow 86=:3parts 

Glyceline =5parts 

Diethylene glycol=5parts 

Acetylenol EH (available from Kawaken chemical Kabushiki Kaisha, Japan) 
=1 parts 
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Wateriest 

(magenta (M) ink) 

C. 1. Acid red 289=3parts 

Glyceline=5parts 

Diethylene glycol=5parts 

Acetylenol EH (available from Kawaken chemical Kabushiki Kaisha, Japan) 
=1 parts 

Water=rest 

(cyan (C) ink) 

C. 1. Direct blue 199=3parts 
Glyceline=5parts 
Diethylene glycol=5parts 

Acetylenol EH (available from Kawaken chemical Kabushiki Kaisha, Japan) 
=1 parts 

Water= rest 

(black (Bk) ink) 

C. 1. Direct black=3parts 

Glyceline =:5parts 

Diethylene glycol=5parts 

Urea=5parts 

Acetylenol EH (available from Kawaken chemical Kabushiki Kaisha, Japan) 
= (will be explained hereinafter) 

Water=rest 
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[0048] Therefore, each ink comprises dye or pigment, water, glycehne as a solvent, 

diethylene glycol, urea and acetylenol EH which is a nonionic surfactant (which is a tradename of 
Kawaken Fine Chemical Kabushiki Kaisha, Japan), and is acetylene glycol added with 
ethyleneoxide, expressed by ethyleneoxide-2, 4, 7, 9- tetramethyl-5-decyne-4, 7-diol. For the 
sake of simplicity, it is called acetylenol or acetylenol EH. The ink used in this embodiment is a 
mixture of these materials. As regards the color ink(CMY), 1% of acetylenol EH is added to 
improve the penetration property. As regards Bk ink the content of the acetylenol EH is varied in 
the following experiments. 

[0049] When the penetration property of the ink is expressed by ink amount V per lm\ 

the ink penetration amount V (ml/m'=/zm) at the time t from the ejection of the ink droplet is 
expressed by a known Bristow equation, as follows: 

V^Vr+Xa(t-tw) ^ 

where Lt>tw 

[0050] Immediately after the ink droplet drops on the surface of the recording paper, most 

of the ink droplet is absorbed by the unsmooth portion (rough surface portion of the surface of 
the recording paper) of the surface, and hardly any ink penetrates to inside the recording paper. 
The time up to this point is tw (wet time), and the absorption amount into the unsmooth portion 
up to this point is Vr. When the elapsed time from the deposition of the ink droplet exceeds tw, 
the penetration amount V increases by the amount proportional to (t-tw)''^. Fundamentally, Ka is 
a proportional coefficient for the increased amount, and corresponds to the penetration speed. 
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[0051] Figure 17 is a characteristic graph of the penetration amount of the ink vs. elapsed 

time, and [are] plots [of] experimental results when the recording paper has a weight of 64g/m', a 
thickness of [approx.] a pproximately 80/xm and a porosity [approx.] approximately 50%. 
[0052] In Figure 17, (a), the abscissa represents elapsed time t*^ (msec^'^), and in Figure 

17, (b), the abscissa is the elapsed time t(msec). In both of the figures, the ordinate represents 
penetration amount V(/^m), and the plots when the acetylenol content is 0%, 0.35%, 1%, 
respectively are given. 

[0053] As will be understood from these [Figures] figures , the penetration amount of the 

ink relative to the elapsed time increases (penetration property is higher) with an increase of the 
content of the acetylenol. From Figure 17, it is understood that wet time tw decreases with an 
increase of the content of the acetylenol, and in the time period not reaching tw, the penetration 
property is higher if the content is larger. 

[0054] In the case of the ink not containing acetylenol(0% of the content), the penetration 

property is low, and is a [topping type] topping-type ink which will be described hereinafter. 
When the content of the acetylenol is 1%, the ink penetrates the recording paper 103 quickly, and 
the ink is a high-penetration ink which will be described hereinafter. When the content of the 
acetylenol is 0.35%, the ink is a semi-penetrative ink. 
[0055] Referring to Figures 21 and 22, this will be described. 

[0056] When a relatively low penetration property ink is used, during the time until tw at 

which the wettability of the surface of the sized paper is raised, the ink is attracted by the inks of 
the paper, and [the swell] swelling occurs, and then the penetration starts due to the capillary 
action between the fibers. 
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[0057] In the case of so-called plain paper used with office equipment such as in a 

copying machine, the paper contains sizing material to prevent spread, and therefore, the 
penetration does not start quickly, which means there is a so-called wet time tw. 
[0058] Even after the start of the penetration, the wettability of the ink relative to the 

paper does not rise due to the sizing material, and when the used ink is a so-called [topping type] 
topping-type ink, it relatively slowly penetrates, and then the ink swells into the fibers per se 
from a certain point of time. The time is [approx. 400-500msec] approximately 400-500 msec in 
the case of [topping type] topping-type ink. The point of time is ts. 

[0059] When a surfactant^ such as acetylenol^ is contained in the ink, the wettability of 

the ink relative to the paper is increased, the time becomes shorter, and the swell(into the 
attraction of the ink to the fibers) speed is increased. Then, the penetration speed is also high, 
and the ink quickly swells into the fibers of the paper. With the increase of the amount of the 
acetylenol, tw and ts become shorter, and it is substantially 0 when the content is 1%. Here, tw 
and ts becomes closer with an increase [of] in the amount of the acetylenol, in the range of the 
0.2-0.3% or higher content of the acetylenol. Figure 22 shows such a relation as the amount of 
the acetylenol vs. tw and ts. 

[0060] The penetration speed Ra is an inclination of the liquid absorption after ts. 

[0061] After the point of time ts, the abrupt swell starts, and therefore, the ink on the 

surface of the paper enters the inside of the paper rapidly, and therefore, the ink fixing 
progresses. 

[0062] When the processing liquid is overlaid on the ink ts after the shot of the ink 

droplet on the paper, the reaction therebetween occurs at the position of contact, while quite a 
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larger part of the ink including the edge portion penetrates inside the paper^ but a part may 
remain on the surface; and the reaction advances gradually into the ink inside the paper. 
[0063] When the content of the acetylenol in the processing liquid is about 1%, the 

penetration starts inrunediately after the deposition since then tw is substantially zero. 
[0064] Since the penetration speed thereof is higher than that of the ink, and the 

processing liquid penetrates the ink with reaction therewith, so that the penetration of the ink is 
stopped at a position shallower adjacent the surface of the paper than when the processing liquid 
is not deposited. 

[0065] By doing so, much of the coloring material can be retained at a part close the 

surface of the paper, and thus the density is high. Even if a part of the ink remains on the surface 
of the paper immediately before the processing liquid is deposited on the ink, the ink does not 
[remains] remain on the surface of the paper at the edge portion of the ink dot, and therefore, 
so-called featherings which is a bleeding in the form of whiskers^ does not occur. 
[0066] Even if a part of the ink remains on the surface, most of such ink penetrates^ since 

the penetration property of the processing liquid is high. 

[0067] Therefore, the amount of the coloring material at the surface of the paper is very 

small, and the wearing property is good. 

[0068] If the content of the acetylenol is increased to more than 0.3% to raise the 

penetration property of the ink, [the] feathering occurs abruptly after ts, depending on the 
material of the weight, and therefore, the content (weight%) is preferably not more [thanO.3%] 
than 0.3%. 
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[0069] When it is more than 0.3%, the penetration speed is so high that coloring material 

is not easily retained adjacent the surface of the paper even if the penetration speed of the 
processing liquid is increased, and therefore, it is preferably not more [thanO.3%] than 0.3% . 
[0070] Figure 16 shows a proportional coefficient Ka relative to the content of acetylenol 

in ink, which is empirically obtained. 

[0071] The value Ka is measured using a dynamic penetration property test apparatus S 

(available from Toyo Seiki Seisakusho, Japan) through the Bristow method. In the experiments, 
PB sheets available from Canon Kabushiki Kaisha, Japan were used as recording paper. The PB 
sheet is usable with a copying machine or LBP of electrophotographic type and also with a 
printer of [ink jet] ink-jet recording type. 

[0072] The same results were obtained when PPC sheet which is an electrophotographic 

sheet available from Canon Kabushiki Kaisha, Japan. 

[0073] From Figure 16, it is understood that the Ka value(ordinate) increases with the 

increase of the acetylenol content(abscissa), and the proportional coefficient Ka is determined in 
terms of the content of the acetylenol. Therefore, the penetration speed of the ink is determined 
in effect by the content of the acetylenol. The lines parallel with the ordinate across the curves 
indicate the range of variation of the results of measurements. 

[0074] Table 1 shows typical examples of the respective contents of the topping type ink, 

the semi- penetrative ink and high-penetrative ink in the description of the present invention. 
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Table 1 





Ka value 
(ml.m'.msec'*^) 


acetylenol 
content 
(%) 


surface 
tension 

( H vnp/rm^ 

yylj H\^t ^111 f 


topping type 
ink 


- 1.0 


0.0 - 0.2 


40 - 


semi -penetrative 
ink 


1.0-5.0 


0.2-0.7 


35-40 


high-penetrative 
ink 


5.0- 


0.7- 


-35 



[0075] In this table, the Ka value, the acetylenol content(%) and the surface 

tension(dyne/cm) are given for [topping type] to pping-tvpe ink, semi -penetrative ink^ and high- 
penetrative ink. The penetration property of each ink relative to the recording paper is higher if 
the Ka value is larger. In other words, it increases with a decrease [of] in the surface tension. 
[0076] The Ka values in Table 1 are determined by measurement using a [dynamic 

penetration property] dvnamic-penetration-propertv test apparatus S, available from Toyo Seiki 
Seisakusho, Japan. In the measurements, the recording paper was the above-described PB sheet 
available from Canon Kabushiki Kaisha, Japan. [The similar] Similar results were obtained for 
PPC sheet available from Canon Kabushiki Kaisha, Japan. 
[0077] The semi-penetrative ink contains 0.2-0.7%- of acetylenol. 

[0078] As a condition when a surfactant is added to liquid, [a] the critical micelle 

concentration (CMC) of a surfactant in the liquid is known. The critical micelle concentration is 
a concentration at which several tens of molecules rapidly form by association a micelle when the 
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concentration of the surfactant in the liquid is increased. The acetylenol is one of surfactants, and 

therefore, it exhibits the critical micelle concentration for the respective liquids. 

[0079] Figure 19 is a characteristic graph showing a relation with the surface tension 

when content of the acetylenol in water is adjusted. When the cell is formed, the surface tension 

does not decrease, and therefore, it is understood from this [Figure] figure that the critical micelle 

concentration (CMC) of the acetylenol relative to the water is [approx.0.7%] approximatelv 

0.7% . 

[0080] When the critical micelle concentration and Table 1 are compared, it is 

understood that semi-penetrative ink^ which is used in the embodiment of the present invention^ 
which will be described hereinafter^ and which is defined in Table 1, contains the acetylenol at a 
ratio which is smaller than the critical micelle concentration (CMC) of the acetylenol relative to 
the water. 

[0081] [The] A description will be [made] provided as to the case of the processing liquid 

being ejected after the recording of the ink. 

[0082] Particularly, the Bk ink is deposited, and then the processing liquid is printed, and 

thereafter, cyan (C), magenta (M) and yellow (Y) color inks are printed. 
[0083] It is known that since the Bk ink is mainly used for characters and line images, 

and therefore, use of the ink having a low penetration property relative to the recording paper is 
effective as the Bk ink. Using this, the processing liquid was ejected after the recording was 
effected with the Bk ink. Then, the black coloring material was insolubilized on the surface of 
the recording paper, and the insolubilized coloring material remained on the surface of the 
recording paper, with the result that wear resistance or the overwriting resistance were not good. 
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[0084] The relation between the ejection time difference and the wear resistance is such 

that wear resistance improves with [the] an increase of the ejection time difference. Particularly, 
when the black ink is a topping or non-penetrative ink, and the processing liquid is penetrative 
ink, the production of the feathering is very small when the ejection time difference from the 
ejection of the Bk ink to the ejection of the processing liquid is not less than [approx. Isec] 
approximated 1 second . 

[0085] When the penetrative processing liquid is ejected while the ejected [topping type] 

topping-type Bk ink is not penetrated into the thickness of the recording paper, [the] a reacted 
liquid is normally produced by the mixture of the ink and the processing liquid, and [since] the 
penetration property of the reaction liquid is higher than the penetration property of the Bk ink^ 
with the result of a higher probability of feathering. However, by making the ejection time 
difference long (such as [approx. Isec] approximately 1 second or longer) between the ejection 
of the Bk ink and the ejection of the processing liquid, the processing liquid is ejected when the 
penetration of the Bk ink into the recording paper is substantially completed, and therefore, [the] 
much less reacted liquid is [much less] produced. Thus, the coloring material is insolubilized by 
the processing liquid without feathering of the [topping type] to pping-tvpe Bk ink. 
[0086] By using a heater to heat the ejected Bk ink, the time required for the completion 

of the penetration of the Bk ink into the recording paper can be reduced by the temperature rise. 
By doing so, the ejection time difference between the ejection of the Bk ink to the ejection of the 
processing liquid can be shortened. 
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[0087] The composition of the Bk ink is preferably such that approximately 5% to 20% 

[approx.] of the diethylene glycol (DEG^ for example^ is contained to the increase the 
penetration property by the rise of the temperature by the heater. 

[0088] When the use is made with the Bk ink having a high penetration property, the 

image quality can be improved by shortening [shorting] the ejection time difference between the 
ejection of the ink [to] and the ejection of the processing liquid. The reason is that production of 
the feathering can be suppressed by the ejection of the processing liquid [ejected] before the 
occurrence of the feathering of the Bk ink penetrating into the recording paper, and before the Bk 
ink reaches deep into the recording paper, the processing liquid reacts with the ink, by which the 
Bk ink is insolubilized in [the] a range close to the surface of the recording paper, and the OD 
value is high. 

[0089] However, the advantage in the image quality relating to the feathering and the OD 

value is provided at the cost of the wear resistance. 

[0090] Therefore, there is a range where both of the image quality and the wear resistance 

are satisfactory. 

[0091] By applying heat by a heater to the ejected Bk ink, the penetration of the Bk ink 

can be kept from reaching the deep position, and [the] feathering can be suppressed, and 
therefore, the time range can be expanded, and [the] satisfactory results can be obtained [for the 
various nature]. 

(Embodiments) 
(first embodiment) 



-19- 



[0092] Figure 1 is a side view of a full-line type recording device according to a first 

embodiment of the present invention. The recording device 1 is of an [ink jet] ink-jet recording 
type wherein the ink is ejected from a plurality of ink jet recording heads of a full-line type 
arranged along a feeding direction of the recording paper(arrow A), and is controlled by a control 
circuit shown in Figure 2^ which will be described hereinafter. 

[0093] Each of the recording heads lOlBk, lOlS, lOlC, lOlM, 101 Y in the recording 

head group lOlg is capable of effecting recording over a predetermined region in the width 
direction of the recording paper^ which is perpendicular to the vertical direction of the [Figure] 
figure and the A direction, preferably over the entire width of the recording paper. Each 
recording head is provided with nozzles arranged substantially in the same direction as the width 
direction. 

[0094] The recording paper 103 is fed in the direction A by the rotation of a pair of 

registration rollers 1 14 driven by a feeding motor, and is fed by a pair of guiding plates 1 15 so 
that it is fed to conveyer belt 111 with the leading edge thereof aligned with the ink ejection. The 
conveyer belt 1 1 1 is in the form of an endless belt, and is supported by two rollers 1 12, 1 13, and 
the vertical position thereof is limited by the platen 104 at the upper side. The recording paper 
103 is fed by rotation of at least one of the rollers 1 12, 1 13. The roller is rotated by a driving 
source such as an unshown motor, in the direction for feeding the recording paper 103 in the 
direction indicated by the arrow A. The recording paper 103 is carried on the conveyer belt 1 1 1 
and is subjected to [the] a recording operation by the group of the recording paper heads lOlg 
and is then discharged onto the [stocker] stacker 1 16. 
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[0095] In the recording head group lOlg, the recording head lOlBk for the black ink, the 

processing liquid head lOlS for ejecting the processing liquid, and the color ink recording 
head(cyan head lOlC, magenta head lOlM, yellow head 101 Y), are arranged as shown in the 
[Figure] figure along the feeding direction A of the recording paper 103. By ejecting the inks and 
the processing liquid by the recording heads, multi-color recording is effected. 
[0096] The composition of the processing liquid is as follows; 

(processing liquid) 

Glyceline =7 parts 

Diethylene glycol=5parts 

Acetylenol EH= (will be described) 

(available from Kawaken chemical Kabushiki Kaisha, Japan) 

Polyanylamine=4parts 

Benzalkonium chloride=0.5parts 

Triethylene glycol monobutylether-3parts 

water = rest 

[0097] The content of the acetylenol was adjusted for each of the examples. 

[0098] In this embodiment, a heater 102 is provided between the head lOlS for the 

processing liquid and the head for the color ink, and the electric power supply control is effected 
such that heater 102 normally generates heat during the recording operation. In this embodiment, 
the heater 102 is a halogen lamp heater, and the black ink ejected on the recording paper 103 is 
heated at the recorded surface side. In this embodiment, the number of the heater is one, but a 
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plurality of heaters may be used in consideration of the heating value per one heater and the 
desired heating value. The heater is used to improve the fixing property. 
[0099] The black ink head lOlBk and the processing liquid head lOlS are disposed with 

a predetermined clearance Di therebetween, and the ejection time difference between the ejection 
of the black ink and the ejection of the processing liquid is determined in accordance with the 
predetermined interval and the feeding speed of the recording paper 103. When the clearance Di 
between the black ink head lOlBk and the processing liquid head lOlS is determined in the 
apparatus design, the feeding speed of the recording paper 103 is controlled to provide [the] an 
ejection time difference of [approx. Isec] a pproximatelv 1 second so as to provide dot processing 
liquids. When the feeding speed is determined, the clearance between the black ink head lOlBk 
and the processing liquid head lOlS is determined in compliance with the feeding speed. 
[0100] Figure 2 is a block diagram of the control circuit in the recording device 1 of the 

full-line type. 

[0101] In the system controller 201, there are provided a micro-processor, a storing 

medium (ROM) storing the program for controlling device and processes, and storing material 
(RAM) for the operation of the micro-processor. The system controller 201 controls the entirety 
of the apparatus. The motor 204 operates in accordance with received information^ such as the 
speed or movement distance from the driver 202, and feeds the sheet-like recording material^ 
such as a recording paper^ in the direction of arrow A in Figure 1. 

[0102] A host computer 206 functions to transfer the information to be recorded into the 

recording device 1 of this embodiment. A reception buffer 207 temporarily stores the data from 
the host computer 206, and accumulates them until the data from the system controller 201 is 
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received. A frame memory 208 is a memory for converting the data to be printed to the image 
data, and has a memory size necessary for the printing. In this embodiment, the frame memory 
208 is capable of storing data for one page of the recording paper, but the present invention is not 
limited to this. 

[0103] Buffers 209S, 209P temporarily [stores] store the data to be printed, and the 

storing capacity is different if the nozzle number of the recording head is different. A print 
controller 210 functions to control the recording head in accordance with the instructions from 
the system controller 201, and controls the printing speed, the print data number or the like, and 
further it generates the data for ejecting the processing liquid. A driver 211 drives the recording 
head 212S for ejecting the processing liquid and the recording head 212P for ejecting the ink for 
the image recording, and is controlled by the signal from the print controller 210. 
[0104] First, the image data is supplied from the host computer 206 to the reception 

buffer 207, and is temporarily stored there. Then, the image data stored are [reader] read by the 
system controller 201 and are converted into the buffers 209S, 209P. The system controller 201 
controls the electric energization to the heater 102. [Malfunction] A malfunction, such as a sheet 
jam, an ink shortage, a sheet shortage or the like^ can be detected by detection signals from an 
abnormality sensor 222. 

[0105] The print controller 210 generates the data for the processing liquid for ejecting 

the processing liquid on the basis of the image data in the buffer 209S, 209P. The ejecting 
operation of the recording heads are controlled on the basis of the data for the processing liquid 
and the image data in the buffers 209S, 209P. 
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[0106] Referring to Figures 3 and 4, [the] a description will be [made] provided as to the 

recording process in this embodiment and the state of the ink and the dot on and in the recording 
paper 103. In this embodiment, the black ink has a topping property in Table 1. The processing 
liquid has a certain degree of a penetration property, and the acetylenol content is 
[approx.0.4- 1 .0%] approximately 0.4-1.0% . 

[0107] The black ink droplet 30 is ejected by black ink head lOlBk (Figure 3, (a)). 

[0108] The black ink droplet 30a is deposited on the recording paper surface, and 

penetrates as indicated by a white arrow to the range indicated by the broken lines in the 
recording paper before the processing liquid droplet is ejected by the processing liquid head lOlS 
(Figure 3, (b)). 

[0109] In this embodiment, the ejection time difference from the ejection of the black ink 

and the ejection of the processing liquid is [approx. Isec] approximately 1 second . During this, 
most of the black ink droplet 30a ejected from the head lOlBk for the black ink penetrates into 
the recording paper 103. When the [approx. Isec] approximately 1 second elapses from the 
black ink ejection while the recording paper 103 is being fed, a droplet 35 of the processing 
liquid(record improving liquid) having a certain degree of a penetration property is ejected onto 
the dot 30b provided by the ejection of the ink from the black ink head lOlBk (Figure 3, (c)). At 
this time, the rapid swell start point ts has been exceeded. The processing liquid and the dye in 
the black ink react to [insolubilized] insolubilize the dye in the recording paper 103. 
[0110] The dot 30b provided by the black ink and the processing liquid droplet 35a 

ejected on the dot 30b are heated by the heater 102 (Figure 3, (d)), by which [the evaporations] 
evaporation of the water content in the black ink and in the solvent of the processing liquid [are] 
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is promoted, so that the reaction speed and the fixing property are enhanced (Figure 3, (e)). Here, 
if the content of the acetylenol in the processing liquid is not less [thanO.7%] than 0.7% , the 
heating with the heater is not necessary, but the strength of the reaction liquid coating is 
improved by the heating. 

[0111] Even when the content of the acetylenol is not more [thanO.7%] than 0.7% , the 

heat provides [the] effects substantially [similarly] similar to the ultra-penetrative. 
[0112] As described in the foregoing, the black ink droplet 30 is ejected, and the 

processing liquid droplet 35 is ejected to be overlaid thereon with a delay of not less than [said] 
ts to permit a certain degree of penetration of the black ink into the recording [paper(approx. 
Isec)] paper (approximately 1 second) , so that ink can be insolubilized inside the recording 
paper. 

[0113] In such an embodiment, the ink is insolubilized when it penetrates in the recording 

paper 103, so that wear resistance and the overwriting resistance as well as the recording paper 
103 can be improved. 

[0114] Figure 4 shows the state of the ink and dot on and in the recording paper 103 

when the color ink droplet 40 is ejected adjacent to the dot 30b provided by the black ink droplet 
30 after the process shown in Figure 3, (d). 

[0115] In Figure 4, (a), the color ink droplet 40 is ejected toward the neighborhood of the 

dot 30b provided by the black ink droplet 30 ejected onto the recording paper 103. 
[0116] In Figure 4, (b), the color ink droplet 40 is deposited on the surface of the 

recording paper 103, as a color ink droplet 40a. 
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[0117] In Figure 4, (c), the color ink penetrates at a position adjacent to the dot 30b 

provided by the black ink droplet 30 to form the color dot 40b. 
[0118] Here, the ink ejected by the color ink head (lOlC, lOlM, 101 Y) is a 

high-penetrative ink described above, and therefore, the penetration speed into the recording 
paper 103 is high, and the spread does not easily occur even if the other color ink is deposited to 
the neighborhood thereof. The black ink droplet 30 is a [topping type] topping-type ink^, which 
has a [low] lower penetration property than the color ink. Therefore, when another color ink 
droplet is deposited to [the] a position adjacent thereto, [the spread] spreading easily occurs. 
However, since the processing liquid droplet 35b is overlaid on the dot 30b of black ink droplet 
30, and the black ink is heated by the heater 102 if necessary, the ink is insolubilized in the 
recording paper 103. 

[0119] Accordingly, as shown in Figure 4, (b), even if the color ink droplet 40a is ejected 

to [the] a position adjacent to the dot 30b provided by the black ink droplet 30, it does not 
produce [the] a spread with the color ink. Even if the dot 30b of the black ink droplet 30 and the 
dot 40b of the color ink droplet 40a are adjacent to each other, there occurs no spread at the 
boundary between the dots 30b and 40b, and therefore, the image has a sharp boundary portion 
between [the] different colors, 

[0120] By the application of the processing liquid before the color ink, [the] water- 

resistance can be provided for the color print. 

(modified example of the first embodiment) 
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[0121] A heater having a small heating value may be added between the head lOlBk for 

the black ink and the head lOlS for the processing liquid (Figure 1), by which the penetration of 
the black ink from the head lOlBk may be promoted into the recording paper 103. 
[0122] The penetration of the black ink into the recording paper 103 may be promoted by 

using black ink containing 0.3% of the acetylenol so that its penetration property is slightly 
higher than the [topping type] topping-tvpe ink. 

[0123] By using such a heating step or by using black ink having a relatively high 

penetration, the ts can be effectively shortened [shorted], and therefore, good images can be 
formed even with the ejection time difference reduced to less than [Isec] 1 second , so that there 
is clearance between the black ink head lOlBk and the processing liquid head 101S[, thus 
permitting] to permit downsizing of the apparatus. When the clearance between the black ink 
head lOlBk and the processing liquid head lOlS is determined in the design of the apparatus, the 
feeding speed of the recording paper 103 can be raised. The feeding speed is to be determined in 
consideration of the recording speed at which the recording head can properly eject the ink. 
[0124] A processing liquid head 101 may be added downstream of the heads lOlC, 

lOlM, 101 Y for the color inks with respect to the feeding direction A of the recording paper 103, 
so that processing liquid is ejected also to the dot provided by the color ink, by which the 
water-resistance of the color ink image can be improved. 

(Second embodiment) 

[0125] Figure 5 is a schematic perspective view of a structure of a recording device 5 of a 

serial type. 
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[0126] The recording paper 103 (recording material) is supplied from the sheet feeder 

105 and is discharged through the printing portion 126. In this embodiment, the inexpensive 
plain paper is used as the recording paper 103. The printing portion 126 is provided with a 
recording head 101 carried on a carriage 107, and the recording head 101 is reciprocable along 
the guiding rail 109 by a motor 604 shown in Figure 6. The recording head 101 has a black 
ejection portion 108Bk for ejecting black ink, a processing liquid ejecting portion 108S for 
ejecting processing liquid, and a cyan ejection portion 108C, a magenta ejection portion 108M 
and a yellow ejection portion 108Y for ejecting the respective color inks. 
[0127] To each of the ejection portions, the ink is supplied from unshown ink container, 

and [the] a driving signal is supplied to the electrothermal transducer (heater) for ejecting the 
liquid provided in each of the nozzles. By this, a bubble is generated in the ink by thermal 
energy applied to the ink, and the ink is ejected by the pressure resulting from the bubble 
generation. In other words, a so-called [bubble jet] bubble-jet type is used for the ink ejection. 
Ejection outlets in the ejection portion are arranged in a perpendicular direction relative to the 
movement direction of the recording head 101, that is, in the same direction as the feeding 
direction X of the recording paper 103. 

[0128] A heater 102 is provided so as to cover the entire area of the movement range of 

the carriage 107 at a position opposed to each of the ejection portions. In this embodiment, the 
heater 102 is in close contact to the recording paper 103 at the back side of the recording paper 
103, and the heater 102 is a ceramic heater^ which is suitable for the heating of the surface 
contacted thereto. 
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[0129] The recording head 101 effects the recording at the resolution of 360dpi, and the 

driving frequency of the electrothermal transducer is 7.2kHz. The carriage 107 completes one 
reciprocation in [l.Ssec] 1.5 seconds . 

[0130] Figure 6 is a block diagram of the control circuit for the recording device 5 of the 

serial type. The same reference numerals as in Figure 2 are assigned to the elements having the 
corresponding functions, and detailed descriptions thereof are omitted for simplicity. The motor 
604 of Figure 6 receives information^ such as a movement distance and speedy from the driver 
602 and operates in accordance with the information to drive the recording head in the 
main-scanning direction (scanning direction). The motor 605 receives information^ such as a 
movement distance and a speedy from the driver 602 and operates in accordance with the 
information to feed the sheet-like recording material^ such as recording paper^ in a sub-scan 
direction (feeding direction). 

[0131] Figure 7 illustrates a recording process of the recording device of the serial type 

shown in Figures 5 and 6, and is a plan view of the recording station 126. 
[0132] In Figure 7, the carriage 107 reciprocates in the X direction^ which is substantially 

perpendicular to the feeding direction Y above the recording paper 103 fed in the Y direction in 
close contact with the heater 102. The ejection outlets (indicated by dots in the Figure) of the 
black ejection portion 108Bk, the processing liquid ejecting portion 108S, and the color ejecting 
portion (108C, 108M, 108Y) carried on the carriage 107, are opening in the direction of the 
ejection of the ink and the processing liquid against the recording paper 103. The heater 102 
generates heat during the recording operation, and is provided at a position opposing to the 
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region to which the liquid is ejected by the [processing liquid] processing-liquid ejecting portion 
108S and the color ejecting portions 108C, 108M, 108Y. 

[0133] Each ejection portion has ejection outlets arranged to effect the recording in the 

width d along the feeding direction Y of the recording paper 103 by one scanning. In order to 
provide the time difference between the ejection of the ink by the black ejection portion 108Bk 
and the ejection of the processing liquid by the processing liquid ejecting portion 108S, the black 
ejection portion 108Bk and the processing liquid ejecting portion 108S are disposed with 
deviation by the recording width d in the feeding direction. The ejection time difference 
corresponds to the substantial completion of the penetration of the black ink to the predetermined 
range in the direction of the thickness of the recording paper. By such a constitution, the ejection 
of the ink by the black ejection portion 108Bk to the predetermined position of the recording 
paper 103 and the ejection of the processing liquid by the processing liquid ejecting portion 108S 
are effected with [the] a deviation corresponding to one scan of the carriage 107 (scanning period 
is [L5sec] 1.5 seconds) , thus providing the predetermined time difference. In this embodiment, 
therefore, the recording process [which] that is substantially similar to the recording process of 
the recording device of the full-line type according to the first embodiment is accomplished in 
the recording device of a serial type. 

[0134] In such a recording process, the black ink is ejected by the black ejection portion 

108Bk in the first scanning. The region in which the black ink is ejected, is upstream of the 
position of the heater 102, and is not heated by the heater 102. Then, the sheet is fed by the 
recording width d with a time delay to permit the penetration of the black ink into the recording 
paper 103, and the next scanning is effected to the same region on the heater 102, so that a 
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processing liquid droplet is ejected to be overlaid on the dot formed by the black ink, by the 
processing liquid ejecting portion 108S. The heat generation of the heater 102 is effective to 
promote the [evaporations] evaporation of the water content contained in the black ink and in the 
solvent of the processing liquid, so that the fixing property is improved, and the coloring material 
in the ink is insolubilized in the recording paper 103. 

[0135] By doing so, the wear resistance and overwriting resistance^ as well as the 

water-resistance^ are improved. 

[0136] Additionally, in this embodiment, the heater 102 is provided at the back side of 

the recording paper 103 in the region where the ejection portion (108C, 108M, 108Y) for ejecting 
the color ink eject the ink, so that the fixing property of the color ink can be improved. 

(Third embodiment) 

[0137] Figure 8 is a side view of a full-line type recording device according to a third 

embodiment of the present invention. The same reference numerals as in Figure 1 are assigned to 
the elements having the corresponding functions, and detailed descriptions thereof are omitted 
for simplicity. 

[0138] The recording device of Figure 8 is similar to the recording device 1 of Figure 1, 

but has [an] additional heaters 80a, 80b between the head lOlBk for the black ink and the head 
lOlS for the processing liquid, and the black ink has a semi -penetrative property. The processing 
liquid has a penetration property higher than the black ink. By using them, the heating of the 
heaters 80a, 80b is effected after the black ink ejection, the penetration of the black ink is 
substantially confined in the region adjacent the surface of the recording paper 103, so that the 
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record density is high. In addition, the processing liquid is ejected by the head lOlS with this 
state, and therefore, the black ink can be insolubihzed while the penetration of the black ink is 
confined adjacent the surface of the recording paper 103. 

[0139] Referring to Figure 9, [the] a description will be [made] provided as to a recordin 

process of the recording device shown in Figure 8, and the state of the ink and the dot on and in 
the recording paper 103. 

[0140] The black ink droplet 30 is ejected by black ink head lOlBk (Figure 9, (a)). The 

black ink droplet 30a is deposited on the recording paper surface, and penetrates as indicated by 
white arrow (Figure 9, (b)). 

[0141] During the period from the ejection of the black ink droplet 30 to the recording 

paper 103 being fed to the position of the head 101 S, the dot 30b formed on the recording paper 
103 is heated by the heaters 80a, 80b, and the evaporation of the water content is promoted 
during this period so that the fixing property is improved, and the penetration of the ink into the 
recording paper 103 is suppressed. Therefore, hardly any ink remains on the surface of the 
recording paper 103, and the processing liquid is ejected and overlaid thereon after the state of 
Figure 9, (c) is reached^ wherein the ink is penetrated to a shallow position from the surface of 
the recording paper 103. 

[0142] When the recording paper 103 is further fed, the processing liquid droplet 35 is 

ejected to be overlaid on the dot 30b formed by the ejection of the ink by the black ink head 
lOlBk, by the processing liquid head 101 S. 
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[0143] By the penetration of the processing Hquid droplet 35b as indicated by the white 

arrow, it reacts with the dye in the black ink (Figure 9, (e)). As a result, the dye is insolubilized 
in the recording paper 103 (Figure 9, (0). 

[0144] The reaction occurs under the surface layer of the recording paper 103, and 

therefore, the reaction products provided by the insolubilization, hardly remains on the surface of 
the recording paper 103, as shown in Figure 9, (f). 

[0145] By the reaction, the penetration of the black ink further into the recording paper 

103 can be suppressed, and therefore, the image density of the black ink can be further improved. 
[0146] As described in the foregoing, according to this embodiment, by effecting the 

heating by the heaters 80a, 80b after the ejection of the semi-penetrative black ink, penetration of 
the black ink into the recording paper 103 can be suppressed, and with this state, the processing 
liquid is ejected, so that black ink is insolubilized inside the recording paper 103. By such 
insolubilization, the wear resistance and the overwriting resistance^ as well as the 
water-resistance^ are improved. Since the penetration of the black ink to the deep position of the 
recording paper 103 can be suppressed, [so that] the density of the image of the black ink can be 
increased, and therefore, [the] sharp characters and line images can be provided. 
[0147] Since the processing liquid has a higher penetration property than the black ink, 

the processing liquid penetrates into the recording paper 103 at a speed higher than the 
penetration speed of the black ink and reacts with the black ink, so that penetration of the black 
ink into the recording paper 103 can be suppressed. By the solvent being separated by the 
insolubilization of the coloring material^ [of] the black ink penetrates into the recording paper 
103, so that the fixing property is improved. 
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(modified example of the third embodiment ) 
[0148] Figure 10 is a side view of a recording device of a full-line type according to a 

modification of the third embodiment. The same reference numerals as in Figure 8 are assigned 
to the elements having the corresponding functions, and detailed descriptions thereof are omitted 
for simplicity. 

[0149] The recording device of Figure 10 is the same as the recording device of Figure 8 

except that heater 80c is added between the head 101 S for the processing liquid and the head 
lOlC for the color (C) ink. With this structure, the heating by the heater 80c is carried out also 
after the processing liquid ejection. 

[0150] Referring to Figure 1 1, [the] a description will be [made] provided as to a 

recording process of the recording device of Figure 10 and the state of ink and dot on and in the 
recording paper 103. Except for the difference described above, the recording process shown in 
Figure 11, (a)-(d) is similar to that of Figure 9, (a)-(d), and therefore, the detailed description 
thereof is omitted. 

[0151] The heating by the heater is carried out after the ejection of the black ink droplet 

30, and then, the processing liquid droplet 35 is ejected to and overlaid on the dot 30b (Figure 11, 
(a)-(b)). 

[0152] When the processing liquid is ejected, and the recording paper 103 is further fed, 

the heater 80c effects the heating (Figure 11, (e)). By this, the dot 30b provided by the black ink 
and the processing liquid droplet 35b ejected to be overlaid on the dot 30b are heated, so that 
[evaporations in] evaporation of the water content in the black ink and the solvent of the 
processing liquid are promoted (Figure 11, (f)). By the evaporation of the water content in the 

-34- 



solvent, the possible flow of the insolubilized coloring material with the penetration of the 
solvent can be prevented, so that [sort of] feathering can be prevented, and therefore, the image 
quality of the characters and the line images of the black ink can be further improved. 
[0153] Even if a color dot(unshown) is printed adjacent to the dot 30b of the black ink in 

the structure of [said] the Figure 8 or 10, no spread at the boundary between the black and the 
color is produced since the coloring material of the black ink is insolubilized inside the recording 
paper 103, similarly to first embodiment. 

(Fourth embodiment) 

[0154] The general arrangement of the recording device of this embodiment is the same 

as that of Figure 5, and Figure 12 schematically is a top plan view of the recording station (126). 
The recording device is intended to accomplish [the] a recording process [which] that is the same 
as the recording process of the recording device of the full-line type according to the third 
embodiment, in a serial type. 

[0155] With the structure of serial type in the second embodiment, the black ejection 

portion 108Bk and the processing liquid ejecting portion 108S are deviated by the recording 
width d in the feeding direction Y. 

[0156] In the [serial type] serial-tvpe recording device of Figure 12, the black ink is 

ejected by the black ejection portion 108Bk, and then it is heated by the heater 102 to a 
predetermined degree, and thereafter, the processing liquid and the color ink are sequentially 
ejected. At a position corresponding to the region scanned by the carriage 107 carrying each 
head, the heater 102 is disposed in close contact to the back side of the recording paper, so that 
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regions for the ejections by the black ejection portion 108Bk and the processing liquid ejecting 
portion 108S are the same. The scanning by all heads is completed by the two scans with a time 
difference therebetween, so that coloring material in the black ink is prevented from 
insolubilizing at the surface of the recording paper. 

[0157] More particularly, in the first recording scan, the black ejection portion 108Bk 

ejects the black ink. Without feeding the recording paper 103, a second recording scan is effected 
a predetermined period thereafter, to eject the processing liquid by the processing liquid ejecting 
portion 108S and the ejection of the color inks (cyan, magenta and yellow) by the color ejection 
portions (108C, 108M, 108Y). After the two scans, the recording paper 103 is fed by the recording 
width d, and the divided scannings are repeated. The heater 102 is kept on during the recording 
operation, but since the scanning is divided into two scans, the desired heating is effected so that 
same effects as in the third embodiment are provided. 

[0158] In this embodiment, the order of arrangement of the black ink ejecting portion 

108Bk, the processing liquid ejecting portion 108S and the color ejection portions 108C, 108M, 
108Y, is not limited by the feeding direction of the carriage 107 (direction X in the [Figure] 
figure) . For example, as shown in Figure 13^ which is a top plan view of the recording station 
(126), the color ejecting portions 108Y, 108M, 108C, the black ejection portion 108Bk and the 
processing liquid ejecting portion 108S may be arranged in this order in the X direction from the 
left side in the [Figure] figure on the carriage 107, in which case, the black ejection portion 
108Bk is operated by the first recording scan, and the processing liquid ejecting portion 108S and 
the color ejection portions are operated in the second recording scan to eject the processing liquid 
and the color ink. 
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(Fifth embodiment) 

[0159] A recording device of this embodiment is the same as that of Figure 5 (serial 

type), and Figure 14 is a top plan view of the recording station (126) of this apparatus. 
[0160] In this embodiment, the black image is recorded by two scans (divided recording), 

and the black image formed by the first recording scan is supplemented by the second recording 
scan to complete the black image. The second scanning is carried out with the predetermined 
time difference as in the foregoing embodiment. As regards the other color images, they are 
formed through one scan. 

[0161] The same reference numerals as in Figure 7 are assigned to the elements having 

the corresponding functions, and detailed descriptions thereof are omitted for simplicity. 
However, in Figure 14, the black ejection portion 118Bk has ejection outlets capable of 
providing the recording width 2d^ which is twice the recording width d of the other ejection 
portions (processing liquid ejecting portion 108S and the color ejecting portions 108C, 108M, 
108Y). 

[0162] In Figure 14, each ejection portion has an array of the ejection outlets in the 

feeding direction Y of the recording paper 103. In the processing liquid ejecting portion 108S 
and the color ejecting portions (108C, 108M, 108Y), the ejection outlets are arranged in the Y 
direction so as to cover the width d at a position corresponding to the position of the heater 102, 
but in the black ejection portion 1 18Bk, the ejection outlets are arranged over the width 2d. The 
region [which] that is recorded by the black ejection portion 118Bk in the first ejecting scan, is 
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deviated by the recording width d relative to the region recorded by the other ejection portions 
toward upstream in the feeding direction. 

[0163] For each X direction scanning of the carriage 107, the recording paper 103 is fed 

by [the] a distance corresponding to the recording width d in the y direction, and the recording 
operation by one scan of the carriage 107 and the feeding operation of the recording paper 103 
are repeated to effect [the] recording substantially on the entire area on the recording paper 103. 
[0164] As described hereinbefore, the recording width 2d of the black ejection portion 

1 18Bk is wider than the recording width d of the other ejection portion, and therefore, the black 
ejection portion 1 18Bk scans twice as much as the other recording region. The black ejection 
portion 1 18Bk effects a skipped recording in each of the two scans so that the image recording is 
completed by two scans. 

[0165] For example, an upstream side (upper side in the [Figure] figure) , with respect to 

the recording paper feeding direction Y, of the recording width 2d is scanned by the first scan of 
the black ejection portion llSBk, and the downstream(lower side in the [Figure] figure) side 
thereof is scanned by the second scan. In the first scanning of the carriage 107, the ejection 
outlets at the upstream side of the black ejection portion 1 ISBk [is] a[e used, and the black image 
is recorded in the skipped manner without heating by the heater 2. The recording paper 103 is 
fed in the Y direction by [the] a pitch corresponding to the recording width d. In the second 
scanning of the carriage 107, the [downstream side] downstream-side ejection outlets of the 
black ejection portion 1 ISBk is used, to effect the recording for the part skipped in the first scan 
to supplement the skipped portion (divided ejection of the black ejection portion 1 ISBk). 
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[0166] By doing so, the first and second scans of the black ejection portion 1 18Bk are 

complementary with each other to complete the black image, by which the amount of the black 
ink ejected by one scan can be reduced. The pattern of the skip may be a staggered pattern or an 
inverse staggered pattern (checker pattern). 

[0167] In this manner, the region [which] that has been recorded by the upstream ejection 

outlet of the black ejection portion 1 18Bk is subjected in the next scan to the recording by the 
downstream ejection outlets, the ejection of the processing liquid by the processing liquid 
ejecting portion 108S, the ejection of the color ink by the color ejecting portions 108C, 108M, 
108Y, and the heating by the heater 102. 

[0168] Thus, according to this embodiment, the ejection amount of the black ink in one 

scan by the black ejection portion 118Bk is reduced, and the amount of the ink ejected to [a] the 
neighborhood of another ink is can be minimized, as compared with the single scan. Particularly, 
when the staggered and inverse staggered patterns are used for the skipping, the ejection to the 
neighborhood position in X and Y directions in the [Figure] figure , does not occur. As a result, 
the overflow of the ink or flow of the ink [which] that may occur when a great number of ink 
droplets are deposited at adjacent positions do not occur, so that the boundary of the black image 
can be made further sharp. The ejection time difference between the ejection of the black ink by 
the downstream(lower side in the [Figure] figure ) ejection outlet of the black ejection portion 
1 18Bk and the ejection of the processing liquid by the processing liquid ejecting portion 108s, is 
shorter than in the second embodiment. However, the black ink already ejected by the 
upstream(upper side in the [Figure] figure) ejection outlet has been penetrated into the recording 
paper 103 at the time of the next scan, and when the ink is deposited to a position adjacent the 
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position at which the black ink is penetrated, the penetration of the later deposited ink is 
promoted. Therefore, even if the processing liquid is ejected continuously, the ink has been 
penetrated into the recording paper 103, so that coloring material of the ink can be insolubilized 
at a shallow position in the recording paper 103. 

[0169] In the foregoing, the heater 102 has been described as being in operation normally, 

and it may be turned off when an abnormality sensor 222 detects an abnormality^ such as a sheet 
jam or the like, and the electric energization may be stopped to stop the heat generation operation 
by using a system controller 201 (Figure 2, 6). 

[0170] The present invention is particularly suitably usable in an [ink jet] ink-iet 

recording head and recording apparatus wherein thermal energy by an electrothermal transducer, 
a laser beam^ or the like is used to cause a change of state of the ink to eject or discharge the ink. 
This is because the high density of the picture elements and the high resolution of the recording 
are possible. 

[0171] The typical structure and the operational principle are preferably the ones 

disclosed in U.S. Patent Nos. 4,723,129 and 4,740,796. The principle and structure are 
applicable to a so-called on-demand type recording system and a [continuous type] continuous- 
tvpe recording system. Particularly, however, it is suitable for the on-demand type because the 
principle is such that at least one driving signal is applied to an electrothermal transducer 
disposed on a liquid (ink) retaining sheet or liquid passage, the driving signal being enough to 
provide such a quick temperature rise beyond a departure from the nucleation boiling point, by 
which the thermal energy is provided by the electrothermal transducer to produce film boiling on 
the heating portion of the recording head, whereby a bubble can be formed in the liquid (ink) 
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corresponding to each of the driving signals. By the production, development and contraction of 
the [the] bubble, the liquid (ink) is ejected through an ejection outlet to produce at least one 
droplet. The driving signal is preferably in the form of a pulse, because the development and 
contraction of the bubble can be effected instantaneously, and therefore, the liquid (ink) is ejected 
with a quick response. The driving signal in the form of the pulse is preferably such as disclosed 
in U.S. Patents Nos. 4,463,359 and 4,345,262. In addition, the temperature increasing rate of the 
heating surface is preferably such as disclosed in U.S. Patent No. 4,313,124. 
[0172] The structure of the recording head may be as shown in U.S. Patent Nos. 

4,558,333 and 4,459,600 wherein the heating portion is disposed at a bent portion, as well as the 
structure of the combination of the ejection outlet, the liquid passage and the electrothermal 
transducer as disclosed in the above- mentioned patents. In addition, the present invention is 
applicable to the structure disclosed in Japanese Laid-Open Patent Application No. 123670/1984 
wherein a common slit is used as the ejection outlet for plural electrothermal transducers, and to 
the structure disclosed in Japanese Laid-Open Patent Application No. 138461/1984 wherein an 
opening for absorbing a pressure wave of the thermal energy is formed corresponding to the 
ejecting portion. This is because the present invention is effective to perform the recording 
operation with certainty and at high efficiency irrespective of the type of the recording head. 
[0173] The present invention is effectively applicable to a so-called full-line type 

recording head having a length corresponding to the maximum recording width. Such a recording 
head may comprise a single recording head and plural recording head combined to cover the 
maximum width. 



-41- 



[0174] In addition, the present invention is applicable to a serial type recording head 

wherein the recording head is fixed on the main assembly, to a replaceable chip type recording 
head^ which is connected electrically with the main apparatus and can be supplied with the ink 
when it is mounted in the main assembly, or to a cartridge type recording head having an integral 
ink container. 

[0175] The provisions of the recovery means and/or the auxiliary means for the 

preliminary operation are preferable, because they can further stabilize the effects of the present 
invention. As for such means, there are capping means for the recording head, cleaning means 
therefor, pressing or sucking means, preliminary heating means^ which may be the electrothermal 
transducer, and an additional heating element or a combination thereof. Also, means for 
effecting preliminary ejection (not for the recording operation) can stabilize the recording 
operation. 

[0176] As regards the variation of the recording head mountable, it may be a single head 

corresponding to a single color ink, or may be plural heads corresponding to the plurality of ink 
materials having a different recording color or density. The present invention is effectively 
applicable to an apparatus having at least one of a monochromatic mode mainly with black, a 
multi-color mode with different color ink materials and/or a full-color mode using the mixture of 
the colors, which may be an integrally formed recording unit or a combination of plural recording 
heads. 

[0177] The ink jet recording apparatus may be used as an output terminal of an 

information processing apparatus^ such as computer or the like, as a copying apparatus combined 
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with an image reader or the like, or as a facsimile machine having information sending and 
receiving functions. 

(Others) 

[0178] In the mixture of the processing liquid(liquid composition) and the ink in the 

present invention, the mixture occurs on the recording material on or in the recording material, a 
low [molecular weight] molecular- weight component of the cation materials or the cation 
oligomer in the processing liquid and the anionic chemical compound in the pigment ink or the 
water-soluble dye having the anionic base causes association, and instantaneously separation 
from the liquid phase occurs, in the first stage of the reaction. As a result, [in the as a result 
pigment ink,] dispersion failure occurs, by which coagulated material of the pigment is produced. 
[0179] As the second stage of the reaction, the association product of the dye and the 

[low molecular] low-molecular cationic material or the cation ohgomer or the coagulated 
material of the pigment is attracted by the polymeric component contained in the processing 
liquid, and therefore, the size of the coagulated material of the dye or of the coagulated material 
of the pigment is increased, so that they [are] do not easily enter the gaps between the fibers; as a 
result, only the liquid portion resulting from the solid-liquid separation enters the recording 
paper, and the print quality and the fixing property are both accomplished. The coagulated 
material formed by the cation material and the anionic dye and the cation oligomer or the low 
molecular component of the cation substance, or the coagulated material of the pigment, thus 
produced, have high viscosity, and do not move with the liquid, and therefore, the inks of 
different colors at adjacent positions do not mix together, and [not] no bleeding occurs. The 
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coagulated material is essentially non-water-soluble, and therefore, the water-resistance of the 
final image is high. The light resistance of the image formed by the shield effect of the polymer 
is improved. 

[0180] Insolubilization and coagulation [occurs] occur only in the first stage in one 

example, and they occur in both of the first and second stages in another example. 
[0181] In the present invention, it is not necessary to use a cation polymeric substance 

having a large molecular weight or polyatomic metallic salt as in the prior-art, or if it is to be 
used, it is only for assistance, and therefore, the amount thereof is minimum. As a result, the 
deterioration of the coloring property of the dye^ which has been a problem when the water 
resistance is provided by the use of the cation polymeric substance or the polyatomic metallic 
salt, can be avoided. 

[0182] The recording material used with the present invention is not limited to a 

particular one, [the] and a conventional copy sheet, bond paper or [anther] another plain paper is 
usable. Coated paper for ink jet [print] printing , a transparent film for OHP, usual high class 
paper^ or glossy paper are usable. 

[0183] The present [invention] method is usable in a system comprising a plurality of 

machines, or a single machine. The present [invention] method may be implemented by 
supplying a program to a system or an apparatus. In such a case, a storing medium storing a 
program(software) for implementing the method of the present invention [method] is read out by 
the system or the apparatus, and this [invention] method is actually implemented in the system or 
the apparatus. 
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[0184] According to the present invention, [the] image quality, [the] water-resistance 

immediately after the printing, [the] wear resistance^ and [the] overwriting resistance are 
improved. 

[0185] While the invention has been described with reference to the structures disclosed 

herein, it is not confined to the details set forth and this application is intended to cover such 
modifications or changes as may come within the purposes of the improvements or the scope of 
the following claims. 
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